Two isolates of simian retrovirus related to the human immunodeficiency virus (HIV) were obtained from apparently healthy mandrills, Papio (Mandrillus) sphinx, in western equatorial Africa. This virus, designated SIVMND (simian immunodeficiency virus from mandrills), appeared morphologically similar to HIV by electron microscopy, showed Mg2 -dependent reverse transcriptase activity, and induced cytopathic effect in human CD4-positive cells. Western blotting (immunoblotting) analyses revealed that the gag and pol products of SIVMND showed cross-reactivity with those of known HIVs and SIVs. Molecular clones covering full-length viral DNA were obtained from closed circular extrachromosomal DNA of SIVMND-infected cells. By clone-on-clone hybridization with known retroviruses of the HIV and SIV groups, SIVMND showed similar cross-hybridization with HIV-1, HIV-2, SIVAGM (African green monkey-derived SIV), and SIVMAC (rhesus macaque-derived SIV) in the gag and pol regions only at low stringency but not at high stringency, a result indicating that SIVMND is a new member of the HIV-SIV group. The existence of distinct SIVs in different monkey species suggest that recent interspecies transfer of HIV-SIV is unlikely in nature.
The epidemic of acquired immunodeficiency syndrome (AIDS) began in 1981 in the United States and apparently as early as the mid-1970s in Central Africa and has now spread worldwide (6, 31) . Human immunodeficiency virus type 1 (HIV-1) belonging to the lentivirus family (13) , which was formerly called lymphadenopathy-associated virus (2) , human T-lymphotropic virus type III (30) , or AIDS-associated retrovirus (24) , is kniown to be an etiological agent of AIDS in humans.
A simian retrovirus antigenically related to HIV was first isolated from a rhesus macaque, Macaca mulatta, with an AIDS-like syndrome at a U.S. primate center (7, 22) . The virus was initially designated as rhesus macaque-derived simian T-lymphotropic virus type III but is now called rhesus macaque-derived simian immunodeficiency virus, SIVMAC. Subsequently, a large proportion of African green monkeys (Cercopithecus aethiops) (16, 20, 21, 28) and sooty mangabey monkeys (Cercocebus atys) (12, 26, 27) were shown to be naturally infected with HIV-related retroviruses but were apparently free of AIDS-like disease. A second human AIDS-related retrovirus, HIV-2, isolated from patients with AIDS in West Africa, was shown to be antigenically closer to SIVMAC than to HIV-1 (5) . Nucleotide sequence analyses indicate that HIV-2 is closely related to SIVMAC, with about 75% overall nucleotide sequence homology, but only distantly related to HIV-1, with about 40% overall homology (4, 10, 14) .
On the basis of these observations, some workers suggested that monkeys might be a reservoir for an etiological agent of AIDS in humans (20, 21, 27) . To understand the origin, natural history, and evolutionary relationships of viruses of the HIV and SIV groups, it will be necessary to cause these adults had been seropositive since their acquisition by the center as juveniles in 1979 and 1983, respectively, it is virtually certain that they had become infected in the wild. All animals in this colony, including these two SIV-seropositive adults, were healthy and with no symptoms of AIDS-like disease.
Virus isolation. Peripheral-blood mononuclear cells from the two seropositive mandrills (2 x 106 cells per ml) were stimulated with 25 4L of concanavalin A per ml for 24 h and cultured in RPMI 1640 growth medium supplemented with 20% heat-inactivated fetal calf serum, antibiotics, and 10% crude interleukin-2. After cultivation for 3 to 7 days, these mandrill cells were cocultivated with Molt-4 clone 8 cells (23) , which are highly susceptible to HIV-1 infection and its cytopathogenicity. After cocultivation, the medium without interleukin-2 was replaced every 3 days, and the cultures were examined for the expression of cytopathic effects (CPE). The expression of viral proteins in cultured cells was detected by immunofluorescence assay as described previ-SIMIAN IMMUNODEFICIENCY VIRUS FROM MANDRILLS ously (28) . The release of virus particles was examined by reverse transcriptase (RT) assay (28) and electron microscopy. When the production of SIV in the Molt-4 clone 8 cells was confirmed, the supernatant was inoculated into uncloned Molt-4 cells to obtain a persistently virus-infected cell line showing no CPE.
Western blotting. For both mandrill isolates, virions were concentrated and purified from the culture supernatant of the persistently virus-infected Molt-4 cells by sucrose gradient ultracentrifugation as described previously (28) . HIV-1 and SIVAGM virions were also prepared from H9 cells infected with human T-lymphotropic virus type "IB (30) (14) , is 90% in the gag and pol regions and 80% in the env region. The SIVMAC (simian T-lymphotropic virus type III) probes used were pK2-lOBamA (gag-pot) (18) and pK2-OLTR (3' fractionated by 0.8% agarose gel electrophoresis, and the DNA fraction of 8 to 10 kb was electroeluted from the gel and extracted with phenol and chloroform-isoamyl alcohol. The XbaI-digested DNA fraction containing linearized SIVMND DNA was ligated with XbaI-digested lambda-ong-C vector arms (Stratagene, San Diego, Calif.) and packaged in vitro with Gigapack Gold (Stratagene), and the recombinant phages were plated and screened in situ with a 32P-labeled full-length SIVAGM probe after transfer to nylon membrane filters. Several signalpositive plaques were purified and expanded, and the insert DNA in phage vector was cut out by XbaI digestion and recloned into a pUC119 plasmid vector (33) .
Southern blot hybridization. Undigested and restriction endonuclease-digested DNA samples were subjected to electrophoresis in 0.8% agarose gel and transferred to nylon membrane filters. The filters were then irradiated with UV ight to cross-link them to the DNAs. Hybridization at low stringency was carried out at 37°C in a mixture of 6x SSC (1x SSC is 0.15 M NaCl plus 0.015 M sodium citrate), 25% formamide, 5x Denhardt solution, 0.1% sodium dodecyl sulfate, 10 mM EDTA, 20 ,ug of denatured salmon sperm DNA per ml, and a 32P-labeled probe (2 x 106 to 5 x 106 cpm/ml). After hybridization, the filters were washed three times at 50°C with a solution containing 2x SSC, 0.1% sodium dodecyl sulfate, and 1 mM EDTA. This low-stringency condition corresponds to Tm -40°C, a value calculated by using the standard formula and taking the GC content of HIV-1 as 42% (34) . A hybridization solution containing 30% formamide at 37°C and a washing solution containing 0.5x SSC at 50°C were used for a mediumstringency condition (Tm -30°C), and 40% formamide hybridization solution at 37°C and a washing solution containing 0.2x SSC at 55°C were used for a high-stringency condition (Tm -23°C). These filters were then exposed to X-ray films for 12 to 36 h at -70°C. (Fig. 2) . When the virion proteins of SIVMND were incubated with the serum of a patient with AIDS containing anti-HIV-1 antibody, four major bands at positions of approximately 66, 55, 31, and 26 kilodaltons, corresponding to the pol and gag gene products of HIV-1 (8, 25) , were specifically identified. Anti-SIVAGMpositive African green monkey serum reacted with the protein of a smeared band at approximately 30 kilodaltons, corresponding to the gp32 transmembrane protein of SIVAGM (28) , and with the gag and pol gene products of SIVMND. The serum of the mandrill from which SIVMND[GB-1 was isolated also recognized a 120 kilodalton-protein of SIVMND, which should correspond to the surface protein of the envelope. The mandrill serum reacted mainly with env gene products and scarcely reacted with the gag and pol gene products of even SIVMND. These Western blotting analyses indicated that the gag and pol gene products of SIVMND showed distinct cross-reactivity with those of HIV-1 and SIVAGM but that the env gene products of SIVMND partially cross-reacted only with those of SIVAGM. Furthermore, the molecular weights of a gag protein (p26) and transmembrane protein (gp3O) in SIVMND were slightly different from their corresponding proteins in HIV-1 (9) and SIVAGM (28 With these DNAs, faint specific hybridizing bands were detected only at low stringency (Tm -40'C) after a long exposure (Fig. 3A) and not at medium (Tm -30°C) or high stringency. The undigested Hirt supernatant gave a band of approximately 9.4 kb and two very faint bands of about 5 kb. Probably, the former band corresponded to linear unintegrated viral DNA, whereas the latter bands originated from the closed circular forms with one and two LTRs (29) . After XbaI digestion, the two bands of closed circular DNA were shifted to a position of about 9.4 kb, and the linear viral DNA was cut into two fragments of 5 (Fig. 3B) . The undigested DNA gave strong bands of approximately 9.4 kb and two faint bands of about 5 kb, and the digests with several restriction endonucleases also gave distinct bands at high stringency (Tm -23°C), which coincided with the faint bands detected with the SIVAGM probe at low stringency. The SIVMND genome in the chromosomal DNA of the two Molt-4 cell lines persistently infected with SIVMND[GB-1l and SIVMND[GB-2] was then examined. For both of these cell lines, bands that hybridized distinctly and corresponded in size to internal fragments of the cloned SIVMND genome were detected under conditions of high stringency. The DNA fragmentation patterns of these two cell lines with BamHI, PstI, Hindlll and XbaI were identical. These SIVMND-infected cell DNAs did not give any detectable bands when they were probed with cloned HIV-1, HIV-2, SIVMAC, or SIVAGM under the same conditions.
RESULTS
Homology between SIVMND and other viruses of the HIV and SIV groups. The approximate sequence homologies between SIVMND and known viruses of the HIV and SIV groups were then examined. First, full-length or nearly full-length DNAs of HIV-1 (pBT-1), HIV-2 (pGH-1), SIVMAC (pK2-lOBamA), and SIVAGM (pSAH12) excised from plasmid clones were blot hybridized to a 32P-labeled SIVMND full-length probe (pSMH103) under various degrees of stringency (Fig. 4A) . Under low stringency (Tm -40°C), distinct cross-hybridization was observed between SIVMND and all of the viruses HIV-1, HIV-2, SIVMAC, and SIVAGM. However, under medium-(Tm -30°C) and high-stringency (Tm -23°C) conditions, cross-hybridization was very faint or insignificant, a result indicating that the approximate sequence homology between SIVMND and the other four HIV or SIV clones was only 50 to 70% even in the regions showing cross-hybridization. These results provided no evidence that SIVMND cross-hybridized especially strongly with any one of these HIVs or SIVs. On the basis of these data, the SIVMND isolated and molecularly cloned in this study can be regarded as a new virus belonging to the HIV-SIV group.
To localize the regions in the SIVMND genome that crosshybridized with HIV-1, DNA fragments of SIVMND (pSMH103) digested with appropriate restriction enzymes were blot hybridized to 32P-labeled subgenomic DNAs of HIV-1 under conditions of low stringency (Fig. 4B) . Four kinds of subgenomic DNA probes of HIV-1 were prepared by HincIl digestion of pBT-1. Distinct bands were detected when the SIVMND DNAs were probed with labeled subgenomic probes of pBT-1 that corresponded to the gag and pol regions. In the case of SIVMND DNA digested with BamHI and XhoI, a 2.5-kb fragment hybridized with the HIV-1 gag-pol probe, and 3.7-and 1.0-kb fragments hybridized with the pol-sor probe (Fig. 4B) . This cross-hybridization data indicated that the gag and pol regions in the SIVMND genome had approximately 50 to 70% homology with those of HIV-1, whereas the homologies in other regions such as env and LTR were lower. From this experiment, putative gag and pol genes could be localized in the cloned SIVMND genome by their homology with the corresponding subgenomic fragments of HIV-1. Furthermore, clone-on-clone -hybridization experiments of SIVMND DNA with HIV-2, SIVMAC, and SIVAGM probes indicated that SIVMND also has approximately 50 to 70% sequence homology with all of these viruses in the gag and pol regions (data not shown), just as demonstrated with HIV-1. Thus SIVMND was shown to be approximately equidistantly related to HIV-1, HIV-2, SIVMAC, and SIVAGM. Because of antigenic similarities or common African genesis, it has been suggested that HIV may have originated from SIV of African monkeys (20, 21, 27) . However, this study and our previous studies of SIV (11, 28) (20, 21) . These monkeys appear to have been naturally infected with SIVs from olden times, before the AIDS epidemic in humans (17) . Therefore, it is conceivable that these SIVs, which exhibit little or no pathogenicity in their natural hosts, have been well conserved in certain species of African nonhuman primates in some areas of Africa.
On the other hand, the origin of SIVMAC (7) is not clear.
Numerous serum samples from Asian macaques all gave a negative reaction for HIV or SIV antibodies (16, 26, 28) , whereas those from a few colony-born animals gave a positive reaction (3, 7, 22) . Considering the genetic divergence between members of the HIV and SIV groups, the relation between SIVMAC and HIV-2 seems exceptionally very close. Further genetic analyses of SIVs from African nonhuman primates will ultimately disclose the natural source of SIVMAC.
The two mandrills from which SIVMND was isolated were apparently healthy and have not exhibited any signs of immunodeficiency. Moreover, African green monkeys (21, 28) and sooty mangabey monkeys (12, 26, 27) infected with SIV appear free of AIDS-like disease. On the contrary, the rhesus macaque (7, 22, 27) and the pig-tailed macaque (3), which probably are not natural hosts of these viruses, show severe diseases, including AIDS-like disease, when infected with SIV. These differences could be due to different host responses after infection with SIVs, genetic differences among the viruses, or combinations of both factors. SIVs from naturally-infected healthy African nonhum-an primates also induce severe CPE in human CD4-positive cells in culture, and high levels of unintegrated viral DNA can be detected in these cells, as with pathogenic human AIDS virus (32) and other lentiviruses (15) . It is important to compare the pathogenicities of SIVs in different monkey species.
On the basis of serological observations, some of the many additional African nonhuman primates in which natural SIV infections may well exist include the DeBrazza monkey (28) , Sykes monkey (28) , talpoin monkey (26) , guereza colobus monkey (26) , baboons (28) , and, possibly, chimpanzee, etc. To better understand the natural history and evolutionary relationships of the viruses of the HIV and SIV groups, further efforts will be required to isolate and characterize new SIVs from as many sources as possible.
